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SIGNIFICANCE STATEMENT 
Simple alkyl thiols such as methanethiol are widely speculated to spontaneously form in 
seafloor hot spring fluids, and are implicated in facilitating the emergence of proto-metabolism 
and microbial life in early Earth hydrothermal systems, the complexation of hydrothermally-
derived metals, and as fuels for microbial ecosystems. Existing models suggest that methanethiol 
forms by non-biological reduction of hydrothermal inorganic carbon (CO2 or CO). We 
demonstrate that methanethiol is actively produced in low-temperature mixing zones of 
hydrothermal systems, but our data suggest it is the thermal destruction of pre-existing organic 
matter (likely subsurface microbial biomass) that is responsible. Formation of organosulfur 
compounds and other degradation products during subseafloor mixing may influence the 
biogeochemistry of low-temperature hydrothermal fluids inhabited by microbial life.   
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ABSTRACT 1 
Simple alkyl thiols such as methanethiol (CH3SH) are widely speculated to form in 2 
seafloor hot spring fluids. Putative CH3SH synthesis by abiotic (non-biological) reduction of 3 
inorganic carbon (CO2 or CO) has been invoked as an initiation reaction for the emergence of 4 
proto-metabolism and microbial life in primordial hydrothermal settings. Thiols are also 5 
presumptive ligands for hydrothermal trace metals and potential fuels for associated microbial 6 
communities. In an effort to constrain sources and sinks of CH3SH in seafloor hydrothermal 7 
systems, we determined for the first time its abundance in diverse hydrothermal fluids emanating 8 
from ultramafic, mafic and sediment-covered mid-ocean ridge settings. Our data demonstrate that 9 
the distribution of CH3SH is inconsistent with metastable equilibrium with inorganic carbon, 10 
indicating production by abiotic carbon reduction is more limited than previously proposed. 11 
CH3SH concentrations are uniformly low (~10-8 M) in high-temperature fluids (>200°C) from all 12 
unsedimented systems, and in many cases suggestive of metastable equilibrium with CH4 instead. 13 
Associated low-temperature fluids (<200°C) formed by admixing of seawater, however, are 14 
invariably enriched in CH3SH (up to ~10-6 M) along with NH4+ and low molecular weight 15 
hydrocarbons relative to high-temperature source fluids, resembling our observations from a 16 
sedimented system. This strongly implicates thermogenic interactions between upwelling fluids 17 
and microbial biomass or associated dissolved organic matter during subsurface mixing in crustal 18 
aquifers. Widespread thermal degradation of subsurface organic matter may be an important 19 
source of organic production in unsedimented hydrothermal systems, and may influence 20 
microbial metabolic strategies in cooler near-seafloor and plume habitats.  21 
\body 22 
INTRODUCTION 23 
Since their discovery in 1977, seafloor hot spring fluids have been widely proposed as a 24 
potential source of organic molecules necessary for early life to emerge and thrive on a Hadean-25 
Archaean Earth (1-5), and for metabolic energy and fixed carbon in modern hydrothermal 26 
systems (6, 7). Abiotic (non-biological) reduction of inorganic carbon (CO2 or CO) to 27 
methanethiol (methyl mercaptan, CH3SH) is considered a crucial first step in the putative 28 
transition from prebiotic to primitive metabolic chemistry, leading to the emergence of 29 
hyperthermophilic microbial life (8-13). Specifically, methanethiol is the presumptive abiotic 30 
precursor of acetyl thioester (8, 12, 13) - the functional moiety of the Acetyl-CoA co-enzyme 31 
central to many ancient metabolic pathways - and a sustainable abiotic source of acetyl thioesters 32 
is a key feature of models proposing the emergence of primordial metabolism in hydrothermal 33 
settings (5). Alkyl thiols are additionally implicated in the synthesis of the key metabolite 34 
pyruvate (10), which is speculated to have lead to a primordial protometabolic network in a 35 
hydrothermal setting (14). In modern hot spring environments, hydrothermally-produced thiols 36 
could constitute metabolic energy and carbon sources (15) for mesophilic and thermophilic 37 
microorganisms in subseafloor, near-vent and plume settings, given that such compounds are 38 
intensively cycled in sedimentary microbial habitats (16). Moreover, due to their strong metal-39 
binding abilities, thiol functional groups are also increasingly implicated in the complexation and 40 
delivery of hydrothermally-derived metals such as Fe and Cu to the deep ocean (17-19).  41 
Abiotic reduction of inorganic carbon to CH3SH has been shown to occur under 42 
experimental hydrothermal conditions (8, 20, 21) and thermodynamic considerations indicate the 43 
abundance of CH3SH in metastable equilibrium with inorganic carbon sources should increase 44 
strongly with dissolved hydrogen (H2) abundance (22). This has lead to the assumption that 45 
CH3SH should be enriched in H2-rich fluids emanating from serpentinite-hosted hydrothermal 46 
settings, such as the Lost City Hydrothermal Field (13).  Without evidence from analogous 47 
modern hydrothermal fluids, however, the assumption of widespread thiol production by 48 
inorganic carbon reduction in prebiotic seafloor hot springs lacks support. 49 
It is generally assumed that low molecular weight organic compounds in hydrothermal 50 
fluids emanating from settings lacking significant sedimentary organic matter (unsedimented 51 
systems) are primarily derived from inorganic carbon (e.g. mantle-derived CO2) via abiotic 52 
reduction reactions, either by homogeneous reduction or involving heterogeneous mineral 53 
catalysts (23). CH4, C2+ hydrocarbons and formate, for example, are postulated to be the products 54 
of abiotic carbon reduction in Lost City vent fluids (24, 25). However, potential contributions of 55 
thermogenic (i.e. derived from abiotic thermal decomposition of either pre-existing biomass or 56 
biologically derived compounds) or biogenic (i.e. derived from metabolic activities of viable 57 
organisms) carbon compounds to hydrothermal fluids are poorly constrained at present (7, 26). 58 
The fundamental physicochemical processes governing the formation of hydrothermal fluids and 59 
the abundances of presumptive inorganic substrates for abiotic synthesis (CO2/CO, H2 and H2S) 60 
have likely persisted through geologic time (3), hence diverse modern analogs present an 61 
opportunity to assess the potential for abiotic synthesis of CH3SH on early Earth. Therefore, in 62 
order to clarify its production and origin, we investigated the distribution of CH3SH in 38 hot 63 
spring fluids from diverse geologic environments throughout the global mid-ocean ridge system 64 
that span a range of temperatures and redox states. Isobaric gas-tight fluid samplers (27) were 65 
used to collect the hydrothermal fluids, and the citations for each system included here provide 66 
the most relevant or recent reported fluid compositions. Samples were taken from four 67 
unsedimented hydrothermal vent fields hosted in basaltic rock: ‘Lucky Strike’ (28) and ‘TAG’ 68 
(29) on the Mid-Atlantic Ridge (MAR), ‘9°50’N’ (30) on the East Pacific Rise, and ‘Piccard’ (31, 69 
32) on the Mid-Cayman Rise (MCR). Three diverse unsedimented vent fields where 70 
serpentinization of ultramafic rock is postulated to influence fluid compositions were sampled: 71 
‘Lost City’ (24) and ‘Rainbow’ (33) on the MAR, and ‘Von Damm’ (34) on the MCR. Fluids 72 
were also collected from the sediment-hosted ‘Guaymas Basin’ vent field in the Gulf of 73 
California (35, 36), where extensive hydrothermal alteration of organic-rich sediment overburden 74 
is occurring. Our results indicate that production of abiotic CH3SH from inorganic carbon is not 75 
occurring to a significant extent, and that abiotic degradation of pre-existing organic matter may 76 
instead be the dominant source. The widespread production we observe during crustal mixing of 77 
hydrothermal fluids has numerous implications for the biogeochemistry of seafloor hydrothermal 78 
systems, which we discuss here.  79 
RESULTS AND DISCUSSION 80 
Measured CH3SH concentrations vary from approximately 10-9 to 10-6 M in 81 
unsedimented hydrothermal systems (Table S1). In general, low-temperature (<200°C) fluids 82 
formed by subsurface mixing of high-temperature endmember fluids with seawater (SI Text, 83 
Section 1) are most enriched. For example, CH3SH concentrations in mixed fluids at Piccard are 84 
above 10-6 M, while associated endmember sources are ~10-8 M. Cooler endmember fluids at the 85 
sedimented Guaymas Basin system contain over 10-5 M CH3SH – the highest concentrations 86 
observed, while nearby hotter endmember fluids have abundances similar to most endmember 87 
fluids from unsedimented systems (~10-8 M). Concentrations are lowest in endmember fluids 88 
(94–96°C) of the Lost City Hydrothermal Field (1.4 to 1.9 x 10-9 M). 89 
 90 
Thermodynamic evaluation of CH3SH abundances 91 
The abiotic production of CH3SH in hydrothermal solutions is typically described (13, 22) 92 
by the overall reaction of CO2, H2 and H2S according to the relationship: 93 
CO2(aq) + H2S(aq) + 3H2(aq) = CH3SH(aq) + 2H2O(l)   [1] 94 
While CO is also considered a possible substrate for reduction (12, 13, 22), it does not provide an 95 
alternate pathway to CH3SH that is independent of CO2 reduction in fluids emanating from 96 
unsedimented systems. CO is predicted to be maintained at very low abundances due to rapid 97 
equilibrium with CO2 and H2 (37). Equilibrium between CO2 and CO is confirmed by calculated 98 
chemical affinities near zero for the high temperature vent fluids from unsedimented systems 99 
presented in this study (SI Text, Sections 2 and 3, Eq. S1 and S2). The stoichiometry of reaction 100 
[1] indicates that, for a given temperature and pressure, CH3SH abundance at metastable 101 
equilibrium should be highly sensitive to variations in dissolved H2 due to the third power H2 102 
dependence of the associated mass action expression. Using measured concentrations of CO2, H2 103 
and H2S and thermodynamic data (22) for reaction [1] at measured vent temperatures and 104 
pressures, CH3SH abundances in unsedimented hydrothermal fluids are predicted to vary by over 105 
ten orders of magnitude for metastable chemical equilibrium (Fig. 1; SI Text, section 4). 106 
Aqueous H2 concentrations that vary by almost three orders of magnitude, notwithstanding, 107 
observed concentrations of CH3SH are relatively uniform (~10-8 M) in high-temperature 108 
endmember fluids regardless of the geologic setting (Fig. 1; Table S1). While CH3SH 109 
concentrations below predicted values might suggest kinetic inhibition of reaction [1] in high-H2 110 
fluids (e.g. at Rainbow, Piccard, Von Damm), this does not explain the strongly enriched nature 111 
of very H2-poor fluids relative to predictions (e.g. TAG, Lucky Strike). It is possible that 112 
endmember fluids may cool during ascent from higher temperature and pressure subsurface 113 
reaction zones, where equilibrium according to reaction [1] might regulate CH3SH abundances. 114 
Such a scenario is unlikely, however, as predicted metastable equilibrium concentrations 115 
according to reaction [1] decrease strongly with increasing temperature (22), which would result 116 
in the apparent enrichments in low-H2 fluids becoming even more pronounced. Collectively, 117 
these observations suggest that CH3SH, CO2, H2S, H2 and H2O do not attain a state of metastable 118 
equilibrium at the diverse conditions encountered by fluids in modern hydrothermal systems. This 119 
implies that abiotic synthesis of CH3SH from inorganic carbon is unlikely, and incapable of 120 
sustaining metastable equilibrium abundances.  121 
The relative uniformity of endmember abundances shown in Fig. 1, despite widely 122 
differing H2 abundances, suggests CO2 reduction is not responsible for the production of CH3SH 123 
in high-temperature endmember fluids. Aside from CO2, methane (CH4) is invariably the next 124 
largest stable pool of dissolved carbon in hydrothermal solutions, with all other aqueous single 125 
carbon species representing metastable states (7, 26). Indeed, models that propose reaction [1] as 126 
the source of CH3SH in hydrothermal fluids (5, 13, 22) inherently assume metastable CH3SH is 127 
kinetically inhibited from destruction by further reduction to CH4. For many high-temperature 128 
endmember fluids presented here, however, calculated chemical affinities (SI Text, Section 2, Eq. 129 
S1) show CH3SH is indeed at or close to metastable equilibrium with CH4 according to the 130 
reaction: 131 
CH3SH(aq) + H2(aq) = CH4(aq) + H2S(aq)    [2] 132 
For example, affinities for reaction [2] for all Rainbow endmember fluids (-3.8 to +0.5 kJ/mol) 133 
are within typical uncertainties of equilibrium at conditions of venting (SI Text, Section 2). At 134 
Piccard (+6.4 to +14.6 kJ/mol) and Lucky Strike (-4.7 to -12.8 kJ/mol), endmembers are also 135 
close to equilibrium in several cases, as are some vents at 9°50’N (e.g. ‘Tica’, +5.5 kJ/mol). Thus, 136 
in contrast to reaction [1], measured CH3SH concentrations in endmember fluids are more 137 
consistent with predicted values according to reaction [2]. While we cannot exclude that the 138 
reverse of reaction [2] is occurring, there is to date no evidence to suggest aqueous CH4 can react 139 
with H2S under hydrothermal conditions. On the contrary, CH3SH was observed to react to form 140 
small quantities of CH4 at 100°C in the thioester synthesis experiments of Huber and 141 
Wächterhäuser (8). Thermodynamic data (22) indicate that reaction [2] would maintain CH3SH at 142 
low levels with respect to CH4 for most hydrothermal fluid compositions, with an inverse 143 
dependence on H2 abundance. This is incompatible with the notion of greater abiotic CH3SH 144 
production with increasing H2 abundance, as invoked in scenarios for prebiotic hydrothermal 145 
thioester production (8, 12, 13). Regardless of whether or not CH3SH forms by inorganic carbon 146 
reduction (reaction [1]), or other biogenic or thermogenic processes during hydrothermal fluid 147 
circulation, the data presented here strongly suggest that metastable equilibrium with CH4 at high-148 
temperatures is sufficiently fast that it regulates CH3SH abundances in endmember fluids 149 
according to reaction [2]. 150 
 151 
Thermogenic CH3SH production  152 
The highest CH3SH concentrations were observed in endmember vent fluids from the 153 
sediment-covered Guaymas Basin rift zone, where the influence of hydrothermal alteration of 154 
immature organic matter and biomass is readily apparent (Fig. 2). At Guaymas Basin, basaltic 155 
dikes and sills intrude into 0.5 km-thick organic-rich diatomaceous ooze overlaying the ridge axis, 156 
resulting in rapid and widespread hydrothermal alteration of immature sedimentary organic 157 
matter and expulsion of hydrothermal petroleum at the seafloor (36, 38). In addition to abundant 158 
NH4+ and dissolved CO2, multiple classes of thermogenic organic compounds are added to 159 
circulating fluids during this process (35, 36, 39). Alkyl thiols are considered to form 160 
predominantly at low thermal maturities during petroleum generation in slowly subsiding 161 
sedimentary basins (40), and their production in this setting is therefore not surprising. Cyclic 162 
polysulfide organosulfur compounds (thiolanes, thianes, thiepanes) have previously been reported 163 
in fragments of an active smoker chimney from Guaymas Basin, indicating organosulfur 164 
production during hydrothermal petroleum generation (38). Production of CH3SH during 165 
hydrothermal alteration of sedimentary organic matter could reflect the removal of organosulfur 166 
moieties from macromolecular organic structures, or the secondary reaction of thermogenic 167 
products such as CO. Indeed, fluids with abundant CH3SH at Guaymas also have excess CO 168 
relative to equilibrium with CO2 and H2 (Table S1; SI Text, Section 3). 169 
The abundance of CH3SH in fluids at Guaymas Basin is characterized by a bimodal 170 
distribution, with cooler endmember fluids being most enriched, and hotter endmember fluids 171 
having similarly low abundances to fluids in unsedimented systems. CH3SH-depleted Rebecca’s 172 
Roost and Toadstool fluids (288–299°C, Fig. 2) have substantially higher C1/(C2+C3) ratios (124–173 
132 versus 55–60) than the CH3SH-rich cooler fluids (172–251°C), suggesting higher thermal 174 
maturity in the hotter fluids, and the conversion of longer chain alkanes to shorter chains (39). 175 
These observations suggest that abundant CH3SH is produced predominantly during early 176 
hydrothermal alteration of immature organic matter, consistent with observations from 177 
conventional petroleum-producing systems (40). In a similar manner to C2+ hydrocarbons, but 178 
unlike NH4+, CH3SH may have decomposed (e.g. by reaction [2]) at the higher thermal stress of 179 
Rebecca’s Roost and Toadstool fluids prior to venting. 180 
 Although significant sedimentary organic matter is lacking at unsedimented spreading 181 
centers, the potential still exists for thermogenic production of thiols due to the presence of a 182 
putative subsurface biosphere and vent-associated biomass (26, 41-43). In low-temperature 183 
hydrothermal fluids (<200°C) from numerous unsedimented settings, there is substantial evidence 184 
to support CH3SH production during mixing of endmember fluids with seawater within 185 
hydrothermal upflow zones or crustal aquifers. Linear mixing relationships between measured Cl 186 
and Mg concentrations for fluids sampled at Rainbow, Von Damm, and Piccard indicate that a 187 
common source fluid at each vent field feeds all of the overlying vents (Fig. 3A). That many of 188 
the replicate fluid samples collected at the low-temperature vents are characterized by nearly 189 
identical Mg concentrations implies that mixing of Mg-depleted endmember hydrothermal fluids 190 
with Mg-rich seawater occurred in the subsurface prior to sampling, since stochastic admixing of 191 
ambient seawater during fluid collection at vent orifices would likely result in highly variable Mg 192 
concentrations (SI Text, Section 1). In contrast to the conservative behavior that characterizes Cl 193 
abundances during mixing, CH3SH concentrations in mixed fluids are all substantially greater 194 
than expected for conservative dilution of the associated high-temperature endmember (Fig. 3B 195 
and Fig. S1). Such enrichments require production of CH3SH during subsurface mixing and 196 
associated cooling. While we cannot completely exclude that some component of the CH3SH in 197 
mixed fluids is derived from CO2 reduction, or abiotic formation from other metastable 198 
intermediates, CH3SH abundances are far below values predicted for metastable equilibrium with 199 
respect to CO2, H2S, H2, and H2O (Fig. 1). It is difficult to argue that reaction [1] should only 200 
proceed at the lower temperatures and H2 abundances of mixed fluids, given the complete lack of 201 
evidence that inorganic carbon reduction is responsible for CH3SH production in endmember 202 
fluids, where substantially faster reaction rates would be expected due to higher temperatures and 203 
reactant concentrations.  204 
Elevated concentrations of other organically-derived aqueous species in these low-205 
temperature mixed fluids provide compelling support for thermogenic CH3SH production during 206 
mixing. As is evident at Guaymas, short-chain hydrocarbons and NH4+ are typically produced 207 
simultaneously during hydrothermal alteration of organic matter (35, 36, 39, 44). High CH3SH 208 
concentrations in mixed fluids at Piccard, Von Damm, Rainbow and 9°50’N are associated with 209 
excess NH4+ (Fig. 3C and Fig. S1) and, in some cases, low molecular weight hydrocarbon 210 
(methane, ethane and propane) enrichments relative to conservative dilution of precursor 211 
endmember fluids. For example, the low-temperature ‘Hot Chimlet #1’ vent at Piccard (see (32) 212 
for images) is enriched by more than 25% in NH4+ and CH4 relative to conservative dilution of 213 
high-temperature endmember concentrations, and the low-temperature ‘Ecurie’ vent at Rainbow 214 
is also enriched in both species (Table S1). Ethane and propane are substantially enriched in 215 
mixed fluids at Piccard (45), with concentrations as high as 90 nmol/kg ethane and 60 nmol/kg 216 
propane in the mixed fluids ‘Hot Chimlet #1’ and ‘Hot Chimlet #2’, while associated endmember 217 
fluids have much lower C2+ hydrocarbon concentrations (8-20 nmol/kg ethane, propane <10 218 
nmol/kg (below detection)).  219 
Abiotic N2 reduction is unlikely to be responsible for the NH4+ enrichment in mixed 220 
fluids, given that it is only thought to occur under high-temperature reaction zone conditions (44, 221 
46). Admixing and abiotic reduction of seawater nitrate (NO3-) may be an alternate possible 222 
source of NH4+ to mixed fluids, as experiments suggest metal catalysts (e.g. Fe-Ni alloy) could 223 
mediate such reduction at low-temperatures (47), but this does not appear to be an important 224 
process in low-temperature (~150°C) mixed fluids from other mafic-hosted hydrothermal systems 225 
based on N-isotope measurements (42). Thermal degradation of dissolved organic nitrogen (DON) 226 
from admixed ambient deep ocean seawater is also an unlikely source of NH4+. Some mixed 227 
fluids are enriched in NH4+ above conservative endmember dilution by up to 4 µM (Fig. 3C), 228 
exceeding what might reasonably be expected for entrainment and complete N release from 229 
typical deep-ocean DON concentrations (<3 µM (48)). Although microbially-mediated nitrogen 230 
transformations can increase the abundance of NH4+ in very low-temperature/diffuse fluids (42), 231 
most large NH4+ and CH3SH enrichments observed during this study (e.g. ‘Hot Chimlet #1’) are 232 
in mixed fluids hotter than the 122°C limit for microbial life (49), suggesting that microbial 233 
activity is not responsible for production of either NH4+ or CH3SH.  234 
It is widely proposed that the permeable and porous upper oceanic crust (Layer 2A), 235 
where mixing predominantly occurs, harbors microbial communities that constitute a deep 236 
biosphere (41-43). Given that CH3SH in low-temperature mixed fluids is consistently associated 237 
with thermogenic indicators (Fig. 3 and Fig. S1) in systems free of sedimentary influence, we 238 
propose that entrainment and thermal alteration of microbial biomass, and/or associated dissolved 239 
organic matter (DOM), are responsible for production of CH3SH within subsurface zones of 240 
mixing between high-temperature fluids with seawater. Previous observations of organic 241 
compounds derived from microbial biomass pyrolysis in low-temperature fluids support this 242 
possibility. Brault et al. (50) first described the presence of nonvolatile hydrocarbons in a diffuse 243 
(~15°C) and a high-temperature (>250°C) vent from 13°N, East Pacific Rise, and found strong 244 
enrichments of microbial lipid residues in the cooler vent. More recent work also suggests 245 
dissolved organic carbon (DOC) is enriched in low-temperature fluids relative to both 246 
endmember precursors and ambient seawater, for example, and correlates with microbial cell 247 
counts (51). While these observations could reflect active microbial processes, our results suggest 248 
higher temperature portions of subsurface mixing zones generate dissolved organic compounds 249 
through abiotic thermal degradation. Fluids in the temperature range presented here (e.g. 126 to 250 
191°C) have rarely been reported, but provide key insights into processes occurring within crustal 251 
hydrothermal aquifers beyond the known 122°C (49) temperature limit of life.  252 
 The ubiquitous and uniformly low levels of CH3SH (~10-8 M) in endmember fluids from 253 
unsedimented systems, despite the broad range of temperature, salinity and H2 concentrations, 254 
may be a remnant of pyrolysis of trace organic matter at high temperatures. Brault et al. (50) 255 
noted minor quantities of thermally-mature hopanes in a hot fluid (>250°C) from 13°N, 256 
suggesting entrainment and rapid pyrolysis of biomass to a high extent of maturity occurs during 257 
fluid venting at the seafloor. Endmember fluids are also known to be depleted in dissolved 258 
organic carbon relative to ambient seawater (51), implying thermal decomposition. A 259 
thermogenic carbon source would provide an explanation for the presence of CH3SH in fluids 260 
with no thermodynamic drives to create it from CO2. In a similar manner to the hotter endmember 261 
fluids at Guaymas Basin, consumption of CH3SH by reaction [2] in high-temperature fluids could 262 
therefore represent the high maturity stage of much more limited organic matter pyrolysis during 263 
hydrothermal circulation or venting that produces insignificant changes in the abundance of major 264 
species like CH4. Lost City endmember fluids, despite quite low vent temperatures (94–96°C, 265 
Table S1), are also consistent with this explanation.  Several lines of evidence from the inorganic 266 
(52) and organic (53) compositions of endmember fluids there point to substantial conductive 267 
cooling and much higher temperatures (likely in excess of 250°C) in the subsurface reaction zone. 268 
Collectively, our data therefore imply the distribution of methanethiol in seafloor hydrothermal 269 
fluids is largely controlled by thermal maturation of pre-existing biological organic matter, with 270 
endmember and mixed vent fluids representing higher and lower thermal maturities, respectively.  271 
Implications 272 
 Despite the diversity of geologic settings and potential catalytic minerals present in 273 
hydrothermal reaction zones, our results show no evidence for abiotic methanethiol synthesis 274 
from the inorganic precursors CO2, H2 and H2S in modern hydrothermal fluids. This suggests that 275 
analogous hydrothermal systems on early Earth may not represent an abundant source of abiotic 276 
CH3SH necessary for thioester production (4, 8, 12). The production of thermogenic organic 277 
compounds in crustal mixing zones, however, has numerous interesting biogeochemical 278 
implications for modern seafloor hydrothermal systems. Not only does widespread pyrolysis of 279 
subsurface organic matter provide further indirect support for a putative deep biosphere in 280 
unsedimented hydrothermal aquifers, it implies such carbon may be recycled and returned to 281 
cooler near-surface environments by subsurface mixing processes. Production of methylated 282 
organic compounds by subsurface pyrolysis raises diverse possibilities for microbial 283 
organotrophic metabolisms (e.g. methylotrophy) in hydrothermal systems traditionally considered 284 
to have limited available organic compounds. A predominance of thermogenic products in low-285 
temperature fluids could support larger populations of organotrophic microbes in these mixing 286 
zones relative to those immediately surrounding high temperature vent structures, for example. 287 
Given that thiol functional groups are hypothesized to play a significant role in the complexation 288 
and delivery of hydrothermal trace metals (e.g. Fe and Cu) to the deep ocean (17-19), 289 
thermogenic production of organosulfur compounds with a high affinity for metals may constitute 290 
a key mechanism for this process in unsedimented hydrothermal systems.   291 
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Materials and Methods 301 
Sample Collection and Analysis 302 
All fluid samples were collected using isobaric gas-tight (IGT) samplers (27) during 303 
cruises to the Mid-Atlantic Ridge, Guaymas Basin and East Pacific Rise in 2008 and Mid-304 
Cayman Rise in 2012, using either ROV Jason or HOV Alvin. In most cases a minimum of two 305 
IGT samples were taken from each vent. Reported vent temperatures are the maximum measured 306 
in real-time during fluid collection (27).  307 
Dissolved CH3SH concentrations were determined at sea upon sampler recovery by 308 
purge-and-trap gas chromatography (GC) with flame ionization detection (FID). FID, unlike 309 
sulfur-specific detection, is insensitive to the extremely high H2S concentrations in vent fluids. 310 
Gas-tight fluid aliquots (<4mL) were acidified with ~1mL of 25wt.% phosphoric acid and CH3SH 311 
was sparged with He gas (30mL/min for 10 min) and cryo-focused on an n-octane-coated silica 312 
trap (-78°C), then thermally desorbed (145°C) directly onto a Carbograph 1SC packed GC 313 
column (30mL/min He, 40°C isothermal). To limit potential losses of gaseous CH3SH during 314 
sparging (54, 55), de-activated glass and PTFE tubing were used wherever possible in the purge-315 
and-trap system. Sparging was assumed to be quantitative given the long sparge time and 316 
volatility of CH3SH, and re-sparging tests on samples revealed no significant evidence of 317 
incomplete removal. Before calibration and between samples, the trap was heated at >145°C with 318 
He flowing (30mL/min) for a minimum of 10 minutes to completely eliminate carryover of any 319 
residual CH3SH remaining in the trap (typically <1%) from previous analyses. In almost all cases, 320 
resulting CH3SH concentration from separate discrete samplers of the same vent yield mixing 321 
lines between bottom seawater (no detectable CH3SH) and a hydrothermal endmember or mixed 322 
fluid composition when plotted against Mg (see SI Text, Section 1 for further details). This not 323 
only indicates that methanethiol is conservative with respect to accidental seawater entrainment 324 
during sample collection, but that any losses or additions of CH3SH due to the analytical method 325 
are not significant. Reported uncertainties (2s) for CH3SH (Table S1) are the larger of either the 326 
error of reproducibility or the error of the commercial gas standard used (±5%).   327 
H2 and CO were analyzed at sea by a headspace extraction GC technique, using thermal 328 
conductivity (TCD) and helium ionization (HID) detection, respectively (37, 39). H2S (total 329 
dissolved, ΣH2S) was determined either gravimetrically by precipitation as Ag2S (56), or at sea by 330 
electrochemical (28, 33) or iodimetric titration. pH(25°C) was determined at sea by electrode (28, 331 
33, 56). Aliquots for dissolved inorganic carbon (ΣCO2, abbreviated as CO2), CH4 and C2+ 332 
hydrocarbons were stored in evacuated glass serum vials (poisoned with HgCl2) for headspace 333 
gas GC analysis (28, 56). Cl was determined by ion chromatography (IC, ±5% (56)) or 334 
electrochemical titration (±0.5%, (28, 33)) and Mg by either IC, ICP-MS or ICP-OES (28, 33, 56, 335 
57). NH4+ was determined either by flow injection analysis (58) for unsedimented systems or IC 336 
(Guaymas Basin), with reported errors representing the larger or either error of reproducibility (2s) 337 
or the typical ±5% reproducibility of prepared standards. Analytical uncertainties (2s) are ±0.05 338 
for pH(25°C), ±10% for H2S, CO, H2 and C2+ hydrocarbon concentrations, and ±5% for Mg, 339 
ΣCO2 and CH4 concentrations (28, 39, 56).  340 
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Figure Captions 494 
 495 
Fig. 1.  Plot of predicted concentrations (mMethanethiol , mol/kg H2O) of methanethiol (CH3SH) in 496 
metastable equilibrium with CO2, H2 and H2S according to reaction [1] versus observed 497 
concentrations (MMethanethiol , mol/L fluid) for endmember (black symbols) and mixed (color 498 
symbols) hydrothermal fluids emanating from unsedimented mafic and ultramafic geologic 499 
settings, with respective ranges of dissolved H2 concentration shown in the legend (see SI Text, 500 
Sections 1 and 4, for further details). Predicted values were calculated assuming ideal behavior 501 
of neutral aqueous species. Observed concentrations of CH3SH in fluids with low dissolved H2 502 
are in excess of predicted values, and, conversely, are below predicted values in high-H2 fluids. 503 
Highest observed concentrations of CH3SH are in low-temperature mixed fluids at Piccard, Von 504 
Damm and Rainbow (see text). The apparent trend of predicted and observed values at Piccard is 505 
a consequence of co-varying H2 and CH3SH during subsurface mixing with seawater. 506 
 507 
Fig. 2.  Plots of measured concentrations of chloride (Cl, A), methanethiol (CH3SH, B) and 508 
ammonium (NH4+, C) versus Mg in Guaymas Basin vent fluid samples, showing CH3SH and 509 
NH4+ production.  Mg is used as an index of mixing between seawater and vent fluid (see SI Text, 510 
Section 1 for further details). Cooler endmember fluids (Theme Park, Cathedral Hill, Sulfide 511 
Spires, solid symbols) from areas of hydrothermal petroleum expulsion have higher CH3SH 512 
concentrations and lower C1/(C2+C3) ratios (<60) than hotter fluids from large flange structures 513 
(>124; Toadstool, Rebecca’s Roost, open symbols), implying thermal maturity differences (see 514 
text). Cl (A) suggests a common source endmember, and while all fluids interacted with 515 
sedimentary organic matter under hydrothermal conditions, yielding elevated NH4+ (C), CH3SH 516 
(B) and C2+ hydrocarbons have likely decomposed to CH4 at the higher thermal stress of the 517 
hotter fluids. Uncertainties (2s) not shown are smaller than data symbols.  518 
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Fig. 3.  Plots of measured concentrations of chloride (Cl, A), methanethiol (CH3SH, B) and 519 
ammonium (NH4+, C) versus Mg in fluid samples from three unsedimented hydrothermal vent 520 
fields. Mg is used as an index of mixing between seawater and vent fluid (see SI Text, Section 1 521 
for further details). Low Mg samples from high-temperature endmember fluids (open symbols), 522 
and higher Mg samples from low-temperature fluids (half filled/solid symbols) at each field all lie 523 
on common mixing lines with respect to Cl, indicating single common source fluids at each site.  524 
At all vent fields, the higher Mg, low-temperature fluids formed by predominantly subsurface 525 
mixing with seawater (dashed lines) are enriched in CH3SH and NH4+ (and low molecular weight 526 
alkanes, see text) relative to conservative dilution of endmember fluids (solid lines) with seawater. 527 
Uncertainties (2s) not shown are smaller than the data symbols. 528 
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SI Text 3 
1. ‘Endmember’ and ‘mixed’ vent fluid compositions 4 
 Based on their compositions and temperatures, we classify fluids into two categories, 5 
namely undiluted ‘endmember’ fluids, which have undergone no mixing in the crustal subsurface 6 
prior to venting at the seafloor, and ‘mixed’ fluids which appear to have been diluted and cooled 7 
with a seawater-like fluid prior to venting. Our calculations also take into account mixing of 8 
hydrothermal fluids with seawater during sample collection. Endmember fluid compositions 9 
referred to in Table S1 are assumed to be devoid of Mg due to near-quantitative Mg removal 10 
from seawater during high-temperature water/rock interactions at reaction zone conditions (1-3), 11 
and are calculated as such by extrapolating measured species concentrations to zero Mg 12 
concentration using a linear regression forced through seawater (4). When endmember fluids mix 13 
with cooler seawater-like fluids during upflow through crustal aquifers, however, the resulting 14 
mixed fluids vent with Mg concentrations that lie between the endmember fluids and seawater (5). 15 
These fluids are readily identifiable by near-identical Mg concentrations in replicate samples of 16 
the same fluid, which are unlikely to be the result of accidental sampling-related seawater 17 
admixing, and temperatures lower than nearby endmember fluids (Table S1). For non-18 
conservative species, a zero Mg endmember calculated from a mixed fluid composition has no 19 
physical meaning (5). In the context of thermodynamic predictions, compositions of mixed fluids 20 
are therefore assumed to be that of the lowest measured Mg concentration, which best resembles 21 
the mixture venting at the seafloor. We arbitrarily define those fluids with similar Mg 22 
concentrations greater than 10 mmol/kg in duplicate IGT samples as ‘mixed’. In fluids with less 23 
than 10 mmol/kg, compositions so closely resemble endmembers that zero Mg compositions are 24 
used. While this approach potentially neglects minor mixing, extrapolation to zero Mg 25 
compositions does not significantly alter our thermodynamic calculations or conclusions.  26 
In cases where only one successful sample was taken, or where replicate samples yielded 27 
dissimilar Mg due to accidental seawater entrainment, the degree of purely subsurface mixing is 28 
unclear. Where replicate samples provide evidence for high Mg fluids due to subsurface mixing 29 
within a vent field (e.g. Piccard, Von Damm, 9°50’N), however, we reasonably assume that other 30 
low temperature fluids with high Mg are also ‘mixed’ in the subsurface. At the Rainbow site, the 31 
evidence that mixing alone formed low-temperature fluids (180–191°C) is unclear. Therefore, 32 
while we use lowest Mg compositions and measured temperatures in thermodynamic calculations, 33 
we cannot preclude the effects of conductive cooling there. Regardless, the difference between 34 
model predictions at lowest Mg and calculated endmember compositions would not alter our 35 
conclusions regarding metastable equilibrium. 36 
 37 
2. Assessment of metastable equilibrium using chemical affinities 38 
 Assuming the concentrations of species in either endmember and mixed fluids suffice to 39 
approximate activities for dissolved gases (i.e. activity coefficients equal 1), the equilibrium state 40 
of reactions (e.g. [1] and [2]) can be evaluated at the temperature and pressure conditions of 41 
venting by calculating the chemical affinity (A) from equation [S1]: 42 
    A = -ΔrG = -RT ln (Qr / Keq)   [S1] 43 
Where R is the universal gas constant, T is the temperature of the vent fluid in Kelvin, Qr is the 44 
reaction quotient and Keq is the equilibrium constant at T and seafloor pressure. Calculated 45 
affinities of 0±5 kJ/mol are typically assumed to be representative of equilibrium, based on 46 
estimated errors in derived ΔrG° values (6, 7). 47 
 48 
3. Widespread CO2-H2-CO equilibrium in unsedimented systems 49 
The data presented in Table S1 confirm the findings of Seewald et al.(8) that CO 50 
concentrations measured in hydrothermal fluids emanating from unsedimented systems are 51 
strictly regulated by equilibrium according to the water-gas shift reaction: 52 
CO2(aq) + H2(aq) ↔ CO(aq) + H2O(l)  [S2] 53 
Calculated affinities for reaction [S2] at the conditions and compositions of vent fluids from the 54 
unsedimented systems Rainbow (-0.09 to +5.7 kJ/mol) and 9°50’N (+0.9 to +4.7 kJ/mol) are all 55 
therefore close to or within reasonable error of equilibrium. In H2-poor fluids where CO was not 56 
detectable (Table S1), reaction [S2] predicts concentrations below the detection limit of the 57 
analytical method. Guaymas Basin fluids (172–218°C) heavily influenced by thermal alteration 58 
of organic matter provide the only deviation (-14.3 to -19.3kJ/mol) from near-equilibrium 59 
affinities, where high CO concentrations (26–92µM) are in excess of equilibrium predictions 60 
according to reaction [S2] (see discussion in text). 61 
 62 
4. Thermodynamic prediction of metastable CH3SH abundances 63 
The abundance of aqueous CH3SH at metastable equilibrium according to reaction [1] 64 
was predicted for each vent fluid using the REACT module of the computer code Geochemist’s 65 
WorkbenchTM (Fig.1 and Table S1). For all calculations, the 50 MPa database of Amend et al.(9) 66 
was used, which includes thermodynamic data for aqueous CH3SH at elevated temperatures (10). 67 
The effect of pressure on model predictions is negligible. Predictions cannot be reliably made for 68 
high pH Lost City fluids, due to the lack of thermodynamic data for dissociation of CH3SH to 69 
form methanethiolate (CH3S-) at vent conditions, as well as large uncertainties in the estimation 70 
of extremely low endmember DIC concentrations (11). Predictions are also not made for 71 
Guaymas Basin fluids, as disequilibrium between CO and CO2 (see text) invalidates the model 72 
assumptions outlined below. Respective ΣCO2, H2S and H2 concentrations, and pH(25°C) of 73 
either zero Mg endmember or mixed fluid compositions were used as initial mass balance 74 
constraints and respeciated from 25°C to vent temperatures using endmember or mixed fluid Cl 75 
concentrations (charge balanced with equivalent Na), while suppressing formation of CH4 and 76 
any C2+ organic compounds or mineral phases. Activity coefficients of 1 were assumed for all 77 
neutral species in the model.  78 
In addition to using ΣCO2, H2S and H2 to conserve mass, the speciation model also 79 
allows metastable equilibrium between single carbon compounds (formic acid (HCOOH), 80 
formate (HCOO-), carbon monoxide (CO), formaldehyde (CH2O) and methanol (CH3OH)) and 81 
CO2 and H2, in addition to carbonate equilibria. It is therefore identical to that of Seewald et al.(8) 82 
except that it additionally considers CH3SH formation and H2S speciation. Volatile species in the 83 
model whose concentrations were determined at sea (CH3SH, H2, H2S) necessarily have units of 84 
molarity (i.e. mol/L fluid measured at room temperature). As for ΣCO2 (mmol/kg fluid), these 85 
units can all be assumed to be comparable to corresponding units of molality (mol/kg solvent) 86 
calculated by the model.  For fluids of the salinities presented in this study, explicitly correcting 87 
values would only result in a <2% difference (12), which is smaller than analytical uncertainties.  88 
Fig. S1. 89 
Plots of measured concentrations of chloride (Cl, A), methanethiol (CH3SH, B) and ammonium 90 
(NH4+, C) versus Mg in fluid samples 9°50’N East Pacific Rise hydrothermal fluids, showing 91 
CH3SH and NH4+ production there. Various ‘L Vent’ fluids shown refer to separate orifices on 92 
the L Vent structure described previously (13), with ‘L Vent Fissure’ being a nearby low-93 
temperature vent sharing the same endmember precursor. ‘Crab Spa’ is a low-temperature vent 94 
located near ‘Tica’, which is its likely endmember parent. Both low-temperature mixed fluids 95 
(open symbols) have elevated CH3SH and NH4+ relative to conservative dilution of their 96 
respective source fluids. Despite wide variations in Cl at this site (e.g. L Vent versus Trick or 97 
Treat vent), CH3SH does not vary inversely with Cl as is typical for other volatile species, 98 
suggesting that it must form subsequent to phase separation. Uncertainties (2s) not shown are 99 
smaller than data symbols.  100 
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Table S1.  101 
Measured and calculated concentrations of dissolved species in hydrothermal fluids 102 
Complete data table containing measured temperatures, pH(25°C) and concentrations of Mg, Cl, 103 
H2, H2S, ΣCO2, CO, CH4, NH4+, CH3SH (and predicted CH3SH), and corresponding endmember 104 
or lowest Mg values for species used in the thermodynamic model (bold entries). Data for 105 
temperature, pH(25°C), Mg, Cl and CH4 for Rainbow and Lucky Strike IGT samples shown here 106 
have been published previously (14, 15). A bottom seawater NH4+ concentration of 0.1 µmol/kg 107 
is assumed based on typical values (e.g. (16)). 108 
 109 
Table S1 notes and abbreviations:  110 
Only maximum temperatures measured during sampling an individual vent are reported. 111 
Units: mm = mmol/kg fluid ; mM = mmol/L fluid ; µm = µmol/kg fluid; µM =µmol/L fluid;  112 
nM = nmol/L fluid; nmolal = nmol/kg H2O 113 
Methanethiol and NH4+ errors (2s) are the greater of either error of reproducibility or 5% 114 
analytical error of standard and (n) refers to the number of CH3SH measurements per IGT.  115 
‡ Bottom seawater CH3SH was below detection in an IGT sample of ambient bottom seawater 116 
from the East Pacific Rise and is therefore assumed absent 117 
nd = not determined,  118 
* = Model predictions not possible for Lost City and Guaymas Basin (see SI Text, Section 4) 119 
BD = below detection 120 
§ Lost City and TAG chloride data are not available for 2008. Given the temporal stability of the 121 
system (17), the most recent Cl endmember (669 mmol/kg) was used for TAG endmember 122 
modeling.   123 
Table S1.  Measured and calculated endmember concentrations of dissolved species
SITE (depth, location) Mg Cl pH H2 H2S CO2 CO CH4 NH4+
Vent (Max. temp. °C) Sample (mm) (mm) (25°C) (mM) (mM) (mm) (µM) (mM) (µm (±2s))
Measured
CH3SH
(nM (±2s, n)) nmolal
RAINBOW (2300m, 36°13.80'N–33°54.15'W)
Endmember Fluids
J2-353-IGT-3 6.90 732 3.35 10.7 2.7 19.6 4.5 1.73 1.8(±0.28) 6.7(±0.3, 1) -
J2-353-CGT-R 7.05 728 3.59 10.6 3.0 17.8 4.4 1.76 2.9(±0.15) 6.5(±0.3, 1) -
Endmember 0 758 3.35 12.3 3.3 21.3 5.1 2.01 2.7 7.7 8.0x10
Stylo 1 (367°C) J2-354-IGT-5 4.17 746 3.31 15.0 1.9 23.4 6.6 1.95 1.9(±0.21) 7.6(±0.8, 4) -
J2-354-CGT-B 3.92 750 3.39 14.8 2.3 22.3 6.8 1.93 2.3(±0.23) 6.1(±0.9, 3) -
Endmember 0 765 3.31 16.1 2.3 24.6 7.2 2.10 2.3 7.4 4.0x10
CMSP&P (365°C) J2-354-IGT-3 3.49 751 3.36 14.8 1.8 20.6 6.9 1.91 2.0(±0.23) 7.2(±1.0, 3) -
J2-354-CGT-Y 49.5 nd 6.20 1.5 0.09 nd 0.4 0.18 0.74(±0.38) 1.1(±0.1, 3) -
Endmember 0 766 3.36 15.9 2.0 21.9 7.4 2.05 2.2 7.8 3.5x10
Stylo 2 (X11) (364°C) J2-355-IGT-4 3.97 743 3.12 15.4 1.8 19.7 6.3 1.94 2.4(±0.37) 12.0(±2.4, 3) -
J2-355-CGT-R 9.11 729 3.67 13.6 1.7 17.4 5.9 1.73 1.7(±0.09) 5.7(±0.5, 3) -
Endmember 0 763 3.12 16.5 2.0 20.9 7.0 2.10 2.4 10.3 4.0x10
Intermediate Temperature Fluids
Ecurie (191°C) J2-354-IGT-4 33.8 631 5.05 4.8 0.6 11.2 2.7 0.88 2.4(±0.18) 93.3(±6.2, 4) -
J2-354-IGT-8 13.2 717 3.23 9.4 1.4 18.7 5.9 1.79 2.4(±0.36) 223(±11, 3) 1.3x10
Mussel Beach (180°C) J2-355-IGT-8 7.18 728 3.00 13.4 1.5 21.8 7.3 1.80 1.6(±0.14) 47.7 (±4, 3) 1.5x10
Bottom Seawater 52.5 547 ~8 0 0 2.2 0 0 0.1 0 (nd‡) -
LOST CITY (750m, 30°07.4'N–42°07.2'W)
Endmember Fluids
Poseidon Beehive (94°C) J2-361-CGT-B 6.50 nd § 10.2 9.1 0.21 nd BD 0.93 3.2(±0.34) 1.6(±0.6, 3) -
J2-361-CGT-W 2.30 nd § 10.5 10.1 0.47 0.19 BD 1.04 3.3(±0.17) 2.5(±1.5, 4) -
J2-361-IGT-5 1.40 nd § 10.5 10.1 0.07 0.32 BD 1.06 3.3(±0.16) 1.4(±0.9, 4) -
Endmember 0 nd § 10.2 10.4 0.27 0.18 BD 1.08 3.5 1.9 nd*
Marker 6 (96°C) J2-362-IGT-4 1.23 nd § 10.5 10.3 0.22 0.15 BD 1.10 3.4(±0.17) 1.3(±0.4, 3) -
Endmember 0 nd § 10.5 10.5 0.22 0.10 BD 1.13 3.5 1.4 nd*
Bottom Seawater 53.3 547 ~8 0 0 2.2 0 0 0.1 0 (nd‡) -
LUCKY STRIKE (1700m, 37°17.5'N–32°16.7'W)
Endmember Fluids
Isabel (292°C) J2-357-IGT-5 2.75 490 3.81 0.032 3.5 106 BD 0.82 5.8(±0.31) 6.1(±1.7, 3) -
Endmember 0 487 3.81 0.034 3.7 112 BD 0.86 6.2 6.5 1.1x10
US4 (299°C) J2-357-IGT-3 2.32 418 3.89 0.051 3.6 127 BD 0.71 8.9(±0.45) 5.3(±1.3, 4) -
Endmember 0 414 3.89 0.053 3.8 133 BD 0.74 9.3 5.6 2.6x10
Crystal (308°C) J2-358-IGT-8 2.85 538 4.43 0.037 3.7 110 BD 0.77 16.1(±0.80) 23.0(±3.0, 3) -
J2-358-CGT-R 31.2 544 4.72 0.020 2.0 48.9 BD 0.33 4.2(±0.21) 7.5(±0.9, 4) -
Endmember 0 538 4.43 0.041 4.1 117 BD 0.82 16.0 23.4 4.3x10
Medea (270°C) J2-359-IGT-2 4.17 552 3.81 0.060 2.5 90.3 BD 0.82 6.2(±0.52) 5.4(±0.7, 3) -
J2-359-CGT-Y 3.82 553 3.90 0.056 2.9 91.2 BD 0.82 5.6(±0.28) 5.6(±0.7, 3) -
Endmember 0 554 3.81 0.063 2.9 98.0 BD 0.89 6.4 5.9 3.5x10
Bottom Seawater 52.5 547 ~8 0 0 2.2 0 0 0.1 0 (nd‡) -
TAG (3600m, 26°08'N–44°49'W)
Endmember Fluids
Black Smoker Complex (363°C) J2-363-IGT-5 3.93 nd § 3.28 0.095 4.7 4.94 BD 0.13 4.0(±0.65) 11.6 (±2.5, 3) -
J2-363-CGT-R 5.93 nd § 4.09 0.088 4.5 4.47 BD 0.13 4.4(±0.23) 10.2(±0.5, 2) -
Endmember 0 nd § 3.28 0.10 5.1 4.97 BD 0.14 4.6 12.0 5.8x10
Bottom Seawater 52.5 547 ~8 0 0 2.2 0 0 0.1 0 (nd‡) -
9°50'N EPR (2500m, 9°50.3'N–104°17.5'W)
Endmember Fluids
Bio9 (HOBO) (363°C) 4469-IGT-4 3.27 375 3.50 0.92 10.2 86.9 1.6 0.076 3.2(±0.16) 4.3(±0.8, 3) -
4469-IGT-5 3.04 378 3.55 0.87 11.0 86.7 nd 0.075 2.3(±0.17) 3.2(±0.3, 3) -
Endmember 0 366 3.50 0.95 11.3 92.1 1.8 0.081 2.9 4.0 2.0
Trick or Treat (Marker 28) (281°C) 4469-IGT-1 5.73 195 3.94 1.0 17.1 60.4 nd 0.058 1.9(±0.09) 11.1(±3, 3) -
4469-IGT-3 2.45 169 3.83 1.2 18.3 66.1 1.9 0.066 2.5(±0.24) 10.0(±0.8, 3) -
Endmember 0 152 3.83 1.2 19.2 68.3 2.0 0.067 2.4 11.4 4.1x10
Tica (275°C) 4464-IGT-1 4.08 335 3.83 0.37 8.2 92.5 0.81 0.091 2.1(±0.15) 3.6(±0.6, 3) -
4464-IGT-6 14.4 377 4.32 0.29 6.8 72.4 0.64 0.095 2.2(±0.44) 2.9(±0.5, 3) -
Endmember 0 318 3.83 0.40 9.0 99.3 0.9 0.11 2.6 4.0 1.8x10
L Vent (246°C) 4467-IGT-1 4.29 567 3.83 0.72 5.2 8.81 0.20 0.071 3.1(±0.31) 7.8(±0.4, 2) -
4467-IGT-5 8.89 559 4.31 0.70 4.6 8.18 0.18 0.070 2.6(±0.24) 9.8(±0.6, 3) -
Endmember 0 567 3.83 0.81 5.6 9.38 0.22 0.080 3.2 9.9 1.5x10
L Vent (Marker 8) (221°C) 4468-IGT-4 9.11 558 4.20 0.63 4.7 8.19 BD 0.066 4.0(±0.20) 7.5(±0.6, 3) -
Endmember 0 562 4.20 0.75 5.7 9.43 BD 0.080 4.9 9.0 1.3x10
PP27/Exo2/Padraig/Termitiere 
(350°C)
Predicted
CH3SH
2
2
2
2
6
6
-2
-2
-3
-1
-5
3
2
3
4
GUAYMAS BASIN (2000m, 27°02'N–111°24'W)
Endmember Fluids
Theme Park (251°C) 4458-IGT-1 3.46 598 5.78 0.50 6.4 43.9 nd 41.5 12.3x10 (±0.62x10 ) 15.3x10 (±0.76x10 , 2) -
4458-IGT-8 31.9 564 5.73 0.23 2.8 21.1 nd 18.8 5.2x10 (±0.26x10 ) 6.52x10 (±0.80x10 , 3) -
Endmember 0 602 5.73 0.54 6.8 47.1 nd 44.7 13.1x10 16.3x10 nd*
Cathedral Hill (172°C) 4459-IGT-5 41.0 555 5.73 0.12 1.8 9.85 6.3 10.3 2.8x10 (±0.14x10 ) 3.49x10 (±0.20x10 , 3) -
Endmember 0 611 5.73 0.52 7.9 35.0 27 44.2 11.8x10 14.9x10 nd*
Sulfide Spires (218°C) 4461-IGT-5 12.9 588 5.75 0.42 5.3 31.8 76 32.8 10.5x10 (±0.53x10 ) 12.9x10 (±1.9x10 , 3) -
4461-IGT-8 32.3 567 4.48 0.24 2.9 21.0 26 19.3 5.4x10 (±0.27x10 ) 6.14x10 (±0.80x10 , 3) -
Endmember 0 605 4.48 0.56 7.1 42.9 92.4 44.4 13.8x10 16.7x10 nd*
Toadstool (288°C) 4462-IGT-5 11.3 583 6.13 2.1 6.1 41.8 nd 49.7 12.7x10 (±0.64x10 ) 8.5(±1.0, 2) -
4462-IGT-6 2.42 595 6.09 2.6 7.9 47.6 nd 61.0 15.2x10 (±0.76x10 ) 6.1(±2.0, 2) -
Endmember 0 597 6.09 2.7 8.0 50.8 nd 63.5 16.0x10 8.1 nd*
Rebecca's Roost (299°C) 4462-IGT-1 3.12 597 6.14 3.1 7.5 45.8 nd 54.5 14.6x10 (±0.73x10 ) 14.1(±0.7, 1) -
4462-IGT-4 5.64 592 6.09 3.0 7.3 43.6 nd 53.6 13.8x10 (±0.69x10 ) 5.1(±0.3, 1) -
Endmember 0 600 6.09 3.3 8.0 48.5 nd 58.8 15.5x10 11 nd*
Bottom Seawater 53.5 538 ~8 0 0 2.18 0 0 0.1 0 (nd‡) -
VON DAMM (2300m, 18°22.6'N–81°47.9'W)
Endmember Fluids
East Summit (226°C) J2-616-IGT8 2.43 653 5.56 18.3 3.1 2.75 nd 2.71 17.1(±0.85) 21(±8.0, 2) -
Endmember 0 658 5.56 19.2 3.2 2.78 nd 2.84 17.9 22 1.6x10
Intermediate Temperature & Mixed Fluids
Arrow Loop #1 (134°C) J2-616-IGT6 18.5 615 5.86 10.8 1.9 2.27 nd 1.73 14.4(±0.72) 91.6 (±6.3, 3) 1.8x10
 White Castle (151°C) J2-616-IGT1 13.5 631 5.77 13.1 2.1 2.51 nd 2.08 14.5(±0.73) 152 (±9.2, 3) 2.0x10
Ginger Castle (128°C)  J2-617-IGT4 18.0 624 6.06 11.3 2.1 2.35 nd 1.91 15.6(±0.78) 104 (±11, 3) 2.0x10
Ravelin #1 (145°C) J2-617-IGT2 16.8 618 5.93 13.1 1.7 2.40 nd 1.98 14.2(±0.71) 57.4(±4.4, 2) -
J2-617-IGT6 15.0 625 5.83 13.4 2.5 2.52 nd 2.06 14.6(±0.73) 52.5 (±3.0, 3) 2.3x10
Ravelin #2 (116°C) J2-621-IGT2 13.4 640 5.88 13.6 2.2 1.98 nd 2.14 nd 206 (±10, 2) 1.9x10
J2-621-IGT8 22.0 609 6.12 10.9 1.9 1.88 nd 1.73 11.2(±0.56) 154 (±11, 2) -
West Summit (126°C) J2-621-IGT1 24.0 607 6.00 9.9 1.9 2.08 nd 1.64 14.1(±0.71) 142 (±7.1, 2) -
J2-621-IGT4 23.2 611 6.01 9.9 1.8 2.11 nd 1.67 13.7(±0.68) 138 (±6.9, 2) 1.7x10
Bottom Seawater 52.4 545 ~8 0 0 2.2 0 0 0.1 0 (nd‡) -
PICCARD (4960m, 18°32.8'N–81°43.1'W)
Endmember Fluids
Beebe 3 (397°C) J2-619-IGT4 1.26 363 3.23 20.2 11.9 25.7 nd 0.120 33.6(±2.2) 10.2 (±2.3, 3) -
J2-619-IGT8 1.59 363 3.17 20.1 11.4 25.0 nd 0.119 33.8(±1.7) 15.5 (±8.4, 3) -
Endmember 0 358 3.17 20.7 12.0 26.0 nd 0.123 34.7 13.2 5.3x10
Beebe Woods (354°C) J2-618-IGT2 2.95 nd 3.24 19.6 11.6 24.5 nd 0.122 35.1(±1.8) 9.9 (±0.49, 2) -
J2-618-IGT8 2.97 365 3.18 19.4 11.6 24.7 nd 0.120 35.0(±1.8) 10.1(±0.81, 3) -
Endmember 0 354 3.18 20.7 12.3 25.9 nd 0.128 37.2 10.6 1.3x10
Mixed Fluids
Hot Chimlet #1 (149°C) J2-619-IGT6 35.4 487 5.06 2.0 2.7 9.09 nd 0.054 14.2(±0.71) 1.76x10 (±0.11x10 , 3) -
J2-619-IGT3 33.4 479 4.97 2.1 2.3 10.1 nd 0.060 16.9(±0.85) 1.76x10 (±0.21x10 , 3)6.1x10
Hot Chimlet #2 (95°C) J2-620-IGT4 45.4 527 5.67 0.70 0.98 4.89 nd 0.022 6.2 (±0.31) 430(±22, 2) 2.2x10
J2-620-IGT8 47.8 524 5.94 0.53 0.79 4.08 nd 0.016 2.5 (±0.33) 292(±15, 2) -
Shrimp Gulley (45°C) J2-618-IGT1 47.4 530 5.95 0.12 0.72 3.39 nd 0.011 2.9 (±0.58) 50.4 (±2.5, 3) 3.9x10
J2-618-IGT3 48.9 533 5.94 0.13 1.0 3.64 nd 0.011 0.53(±0.48) 44.0 (±7.1, 3) -
Near Shrimp Gulley (111°C) J2-620-IGT1 42.4 515 5.49 0.41 1.7 5.95 nd 0.025 7.7 (±0.85) 144(±7.2, 2) 1.2x10
J2-620-IGT2 44.8 519 5.58 0.28 1.4 5.56 nd 0.021 3.4 (±0.76) 83.4 (±4.2, 2) -
Bottom Seawater 52.4 545 ~8 0 0 2.2 0 0 0.1 0 (nd‡) -
SITE (depth, location) Mg Cl pH H2 H2S CO2 CO CH4 NH4+
Measured
CH3SH
Predicted 
CH3SH
Vent (Max. temp. °C) Sample (mm) (mm) (25°C) (mM) (mM) (mm) (µM) (mM) molal
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
(µm (±2s)) (nM (±2s, n))
Intermediate Temperature & Mixed Fluids
L Vent Fissure (78°C) 4467-IGT-6 41.1 543 5.77 0.028 1.0 3.93 BD 0.037 7.6 (±0.61) 17.8 (±1.3, 3) 7.5x10
4467-IGT-8 49.0 nd 6.43 0.013 nd 2.96 BD 0.010 1.4 (±0.07) 6.5 (±0.3, 3) -
Crab Spa (23°C) 4464-IGT-4 50.3 525 5.74 0.0032 0.17 7.26 BD 0.010 8.6 (±0.72) 6.1 (±0.3, 3) 9.4x10
4464-IGT-5 50.5 528 5.87 0.0028 0.19 7.26 BD 0.012 10.0 (±0.67) 5.7 (±0.3, 3) -
4466-IGT-3 50.0 526 5.79 0.0058 0.29 7.47 BD 0.009 8.7 (±0.44) 5.9 (±0.3, 1) -
Bottom Seawater 53.5 538 ~8 0 0 2.18 0 0 0.1 0 (nd‡) -
9°50'N EPR (continued)
Table S1. (continued)
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6
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Table S1.  Measured and calculated endmember concentrations of dissolved species
SITE (depth, location) Mg Cl pH H2 H2S CO2 CO CH4 NH4+
Vent (Max. temp. °C) Sample (mm) (mm) (25°C) (mM) (mM) (mm) (µM) (mM) (µm (±2s))
Measured
CH3SH
(nM (±2s, n)) nmolal
RAINBOW (2300m, 36°13.80'N–33°54.15'W)
Endmember Fluids
J2-353-IGT-3 6.90 732 3.35 10.7 2.7 19.6 4.5 1.73 1.8(±0.28) 6.7(±0.3, 1) -
J2-353-CGT-R 7.05 728 3.59 10.6 3.0 17.8 4.4 1.76 2.9(±0.15) 6.5(±0.3, 1) -
Endmember 0 758 3.35 12.3 3.3 21.3 5.1 2.01 2.7 7.7 8.0x10
Stylo 1 (367°C) J2-354-IGT-5 4.17 746 3.31 15.0 1.9 23.4 6.6 1.95 1.9(±0.21) 7.6(±0.8, 4) -
J2-354-CGT-B 3.92 750 3.39 14.8 2.3 22.3 6.8 1.93 2.3(±0.23) 6.1(±0.9, 3) -
Endmember 0 765 3.31 16.1 2.3 24.6 7.2 2.10 2.3 7.4 4.0x10
CMSP&P (365°C) J2-354-IGT-3 3.49 751 3.36 14.8 1.8 20.6 6.9 1.91 2.0(±0.23) 7.2(±1.0, 3) -
J2-354-CGT-Y 49.5 nd 6.20 1.5 0.09 nd 0.4 0.18 0.74(±0.38) 1.1(±0.1, 3) -
Endmember 0 766 3.36 15.9 2.0 21.9 7.4 2.05 2.2 7.8 3.5x10
Stylo 2 (X11) (364°C) J2-355-IGT-4 3.97 743 3.12 15.4 1.8 19.7 6.3 1.94 2.4(±0.37) 12.0(±2.4, 3) -
J2-355-CGT-R 9.11 729 3.67 13.6 1.7 17.4 5.9 1.73 1.7(±0.09) 5.7(±0.5, 3) -
Endmember 0 763 3.12 16.5 2.0 20.9 7.0 2.10 2.4 10.3 4.0x10
Intermediate Temperature Fluids
Ecurie (191°C) J2-354-IGT-4 33.8 631 5.05 4.8 0.6 11.2 2.7 0.88 2.4(±0.18) 93.3(±6.2, 4) -
J2-354-IGT-8 13.2 717 3.23 9.4 1.4 18.7 5.9 1.79 2.4(±0.36) 223(±11, 3) 1.3x10
Mussel Beach (180°C) J2-355-IGT-8 7.18 728 3.00 13.4 1.5 21.8 7.3 1.80 1.6(±0.14) 47.7 (±4, 3) 1.5x10
Bottom Seawater 52.5 547 ~8 0 0 2.2 0 0 0.1 0 (nd‡) -
LOST CITY (750m, 30°07.4'N–42°07.2'W)
Endmember Fluids
Poseidon Beehive (94°C) J2-361-CGT-B 6.50 nd § 10.2 9.1 0.21 nd BD 0.93 3.2(±0.34) 1.6(±0.6, 3) -
J2-361-CGT-W 2.30 nd § 10.5 10.1 0.47 0.19 BD 1.04 3.3(±0.17) 2.5(±1.5, 4) -
J2-361-IGT-5 1.40 nd § 10.5 10.1 0.07 0.32 BD 1.06 3.3(±0.16) 1.4(±0.9, 4) -
Endmember 0 nd § 10.2 10.4 0.27 0.18 BD 1.08 3.5 1.9 nd*
Marker 6 (96°C) J2-362-IGT-4 1.23 nd § 10.5 10.3 0.22 0.15 BD 1.10 3.4(±0.17) 1.3(±0.4, 3) -
Endmember 0 nd § 10.5 10.5 0.22 0.10 BD 1.13 3.5 1.4 nd*
Bottom Seawater 53.3 547 ~8 0 0 2.2 0 0 0.1 0 (nd‡) -
LUCKY STRIKE (1700m, 37°17.5'N–32°16.7'W)
Endmember Fluids
Isabel (292°C) J2-357-IGT-5 2.75 490 3.81 0.032 3.5 106 BD 0.82 5.8(±0.31) 6.1(±1.7, 3) -
Endmember 0 487 3.81 0.034 3.7 112 BD 0.86 6.2 6.5 1.1x10
US4 (299°C) J2-357-IGT-3 2.32 418 3.89 0.051 3.6 127 BD 0.71 8.9(±0.45) 5.3(±1.3, 4) -
Endmember 0 414 3.89 0.053 3.8 133 BD 0.74 9.3 5.6 2.6x10
Crystal (308°C) J2-358-IGT-8 2.85 538 4.43 0.037 3.7 110 BD 0.77 16.1(±0.80) 23.0(±3.0, 3) -
J2-358-CGT-R 31.2 544 4.72 0.020 2.0 48.9 BD 0.33 4.2(±0.21) 7.5(±0.9, 4) -
Endmember 0 538 4.43 0.041 4.1 117 BD 0.82 16.0 23.4 4.3x10
Medea (270°C) J2-359-IGT-2 4.17 552 3.81 0.060 2.5 90.3 BD 0.82 6.2(±0.52) 5.4(±0.7, 3) -
J2-359-CGT-Y 3.82 553 3.90 0.056 2.9 91.2 BD 0.82 5.6(±0.28) 5.6(±0.7, 3) -
Endmember 0 554 3.81 0.063 2.9 98.0 BD 0.89 6.4 5.9 3.5x10
Bottom Seawater 52.5 547 ~8 0 0 2.2 0 0 0.1 0 (nd‡) -
TAG (3600m, 26°08'N–44°49'W)
Endmember Fluids
Black Smoker Complex (363°C) J2-363-IGT-5 3.93 nd § 3.28 0.095 4.7 4.94 BD 0.13 4.0(±0.65) 11.6 (±2.5, 3) -
J2-363-CGT-R 5.93 nd § 4.09 0.088 4.5 4.47 BD 0.13 4.4(±0.23) 10.2(±0.5, 2) -
Endmember 0 nd § 3.28 0.10 5.1 4.97 BD 0.14 4.6 12.0 5.8x10
Bottom Seawater 52.5 547 ~8 0 0 2.2 0 0 0.1 0 (nd‡) -
9°50'N EPR (2500m, 9°50.3'N–104°17.5'W)
Endmember Fluids
Bio9 (HOBO) (363°C) 4469-IGT-4 3.27 375 3.50 0.92 10.2 86.9 1.6 0.076 3.2(±0.16) 4.3(±0.8, 3) -
4469-IGT-5 3.04 378 3.55 0.87 11.0 86.7 nd 0.075 2.3(±0.17) 3.2(±0.3, 3) -
Endmember 0 366 3.50 0.95 11.3 92.1 1.8 0.081 2.9 4.0 2.0
Trick or Treat (Marker 28) (281°C) 4469-IGT-1 5.73 195 3.94 1.0 17.1 60.4 nd 0.058 1.9(±0.09) 11.1(±3, 3) -
4469-IGT-3 2.45 169 3.83 1.2 18.3 66.1 1.9 0.066 2.5(±0.24) 10.0(±0.8, 3) -
Endmember 0 152 3.83 1.2 19.2 68.3 2.0 0.067 2.4 11.4 4.1x10
Tica (275°C) 4464-IGT-1 4.08 335 3.83 0.37 8.2 92.5 0.81 0.091 2.1(±0.15) 3.6(±0.6, 3) -
4464-IGT-6 14.4 377 4.32 0.29 6.8 72.4 0.64 0.095 2.2(±0.44) 2.9(±0.5, 3) -
Endmember 0 318 3.83 0.40 9.0 99.3 0.9 0.11 2.6 4.0 1.8x10
L Vent (246°C) 4467-IGT-1 4.29 567 3.83 0.72 5.2 8.81 0.20 0.071 3.1(±0.31) 7.8(±0.4, 2) -
4467-IGT-5 8.89 559 4.31 0.70 4.6 8.18 0.18 0.070 2.6(±0.24) 9.8(±0.6, 3) -
Endmember 0 567 3.83 0.81 5.6 9.38 0.22 0.080 3.2 9.9 1.5x10
L Vent (Marker 8) (221°C) 4468-IGT-4 9.11 558 4.20 0.63 4.7 8.19 BD 0.066 4.0(±0.20) 7.5(±0.6, 3) -
Endmember 0 562 4.20 0.75 5.7 9.43 BD 0.080 4.9 9.0 1.3x10
PP27/Exo2/Padraig/Termitiere 
(350°C)
Predicted
CH3SH
2
2
2
2
6
6
-2
-2
-3
-1
-5
3
2
3
4
GUAYMAS BASIN (2000m, 27°02'N–111°24'W)
Endmember Fluids
Theme Park (251°C) 4458-IGT-1 3.46 598 5.78 0.50 6.4 43.9 nd 41.5 12.3x10 (±0.62x10 ) 15.3x10 (±0.76x10 , 2) -
4458-IGT-8 31.9 564 5.73 0.23 2.8 21.1 nd 18.8 5.2x10 (±0.26x10 ) 6.52x10 (±0.80x10 , 3) -
Endmember 0 602 5.73 0.54 6.8 47.1 nd 44.7 13.1x10 16.3x10 nd*
Cathedral Hill (172°C) 4459-IGT-5 41.0 555 5.73 0.12 1.8 9.85 6.3 10.3 2.8x10 (±0.14x10 ) 3.49x10 (±0.20x10 , 3) -
Endmember 0 611 5.73 0.52 7.9 35.0 27 44.2 11.8x10 14.9x10 nd*
Sulfide Spires (218°C) 4461-IGT-5 12.9 588 5.75 0.42 5.3 31.8 76 32.8 10.5x10 (±0.53x10 ) 12.9x10 (±1.9x10 , 3) -
4461-IGT-8 32.3 567 4.48 0.24 2.9 21.0 26 19.3 5.4x10 (±0.27x10 ) 6.14x10 (±0.80x10 , 3) -
Endmember 0 605 4.48 0.56 7.1 42.9 92.4 44.4 13.8x10 16.7x10 nd*
Toadstool (288°C) 4462-IGT-5 11.3 583 6.13 2.1 6.1 41.8 nd 49.7 12.7x10 (±0.64x10 ) 8.5(±1.0, 2) -
4462-IGT-6 2.42 595 6.09 2.6 7.9 47.6 nd 61.0 15.2x10 (±0.76x10 ) 6.1(±2.0, 2) -
Endmember 0 597 6.09 2.7 8.0 50.8 nd 63.5 16.0x10 8.1 nd*
Rebecca's Roost (299°C) 4462-IGT-1 3.12 597 6.14 3.1 7.5 45.8 nd 54.5 14.6x10 (±0.73x10 ) 14.1(±0.7, 1) -
4462-IGT-4 5.64 592 6.09 3.0 7.3 43.6 nd 53.6 13.8x10 (±0.69x10 ) 5.1(±0.3, 1) -
Endmember 0 600 6.09 3.3 8.0 48.5 nd 58.8 15.5x10 11 nd*
Bottom Seawater 53.5 538 ~8 0 0 2.18 0 0 0.1 0 (nd‡) -
VON DAMM (2300m, 18°22.6'N–81°47.9'W)
Endmember Fluids
East Summit (226°C) J2-616-IGT8 2.43 653 5.56 18.3 3.1 2.75 nd 2.71 17.1(±0.85) 21(±8.0, 2) -
Endmember 0 658 5.56 19.2 3.2 2.78 nd 2.84 17.9 22 1.6x10
Intermediate Temperature & Mixed Fluids
Arrow Loop #1 (134°C) J2-616-IGT6 18.5 615 5.86 10.8 1.9 2.27 nd 1.73 14.4(±0.72) 91.6 (±6.3, 3) 1.8x10
 White Castle (151°C) J2-616-IGT1 13.5 631 5.77 13.1 2.1 2.51 nd 2.08 14.5(±0.73) 152 (±9.2, 3) 2.0x10
Ginger Castle (128°C)  J2-617-IGT4 18.0 624 6.06 11.3 2.1 2.35 nd 1.91 15.6(±0.78) 104 (±11, 3) 2.0x10
Ravelin #1 (145°C) J2-617-IGT2 16.8 618 5.93 13.1 1.7 2.40 nd 1.98 14.2(±0.71) 57.4(±4.4, 2) -
J2-617-IGT6 15.0 625 5.83 13.4 2.5 2.52 nd 2.06 14.6(±0.73) 52.5 (±3.0, 3) 2.3x10
Ravelin #2 (116°C) J2-621-IGT2 13.4 640 5.88 13.6 2.2 1.98 nd 2.14 nd 206 (±10, 2) 1.9x10
J2-621-IGT8 22.0 609 6.12 10.9 1.9 1.88 nd 1.73 11.2(±0.56) 154 (±11, 2) -
West Summit (126°C) J2-621-IGT1 24.0 607 6.00 9.9 1.9 2.08 nd 1.64 14.1(±0.71) 142 (±7.1, 2) -
J2-621-IGT4 23.2 611 6.01 9.9 1.8 2.11 nd 1.67 13.7(±0.68) 138 (±6.9, 2) 1.7x10
Bottom Seawater 52.4 545 ~8 0 0 2.2 0 0 0.1 0 (nd‡) -
PICCARD (4960m, 18°32.8'N–81°43.1'W)
Endmember Fluids
Beebe 3 (397°C) J2-619-IGT4 1.26 363 3.23 20.2 11.9 25.7 nd 0.120 33.6(±2.2) 10.2 (±2.3, 3) -
J2-619-IGT8 1.59 363 3.17 20.1 11.4 25.0 nd 0.119 33.8(±1.7) 15.5 (±8.4, 3) -
Endmember 0 358 3.17 20.7 12.0 26.0 nd 0.123 34.7 13.2 5.3x10
Beebe Woods (354°C) J2-618-IGT2 2.95 nd 3.24 19.6 11.6 24.5 nd 0.122 35.1(±1.8) 9.9 (±0.49, 2) -
J2-618-IGT8 2.97 365 3.18 19.4 11.6 24.7 nd 0.120 35.0(±1.8) 10.1(±0.81, 3) -
Endmember 0 354 3.18 20.7 12.3 25.9 nd 0.128 37.2 10.6 1.3x10
Mixed Fluids
Hot Chimlet #1 (149°C) J2-619-IGT6 35.4 487 5.06 2.0 2.7 9.09 nd 0.054 14.2(±0.71) 1.76x10 (±0.11x10 , 3) -
J2-619-IGT3 33.4 479 4.97 2.1 2.3 10.1 nd 0.060 16.9(±0.85) 1.76x10 (±0.21x10 , 3)6.1x10
Hot Chimlet #2 (95°C) J2-620-IGT4 45.4 527 5.67 0.70 0.98 4.89 nd 0.022 6.2 (±0.31) 430(±22, 2) 2.2x10
J2-620-IGT8 47.8 524 5.94 0.53 0.79 4.08 nd 0.016 2.5 (±0.33) 292(±15, 2) -
Shrimp Gulley (45°C) J2-618-IGT1 47.4 530 5.95 0.12 0.72 3.39 nd 0.011 2.9 (±0.58) 50.4 (±2.5, 3) 3.9x10
J2-618-IGT3 48.9 533 5.94 0.13 1.0 3.64 nd 0.011 0.53(±0.48) 44.0 (±7.1, 3) -
Near Shrimp Gulley (111°C) J2-620-IGT1 42.4 515 5.49 0.41 1.7 5.95 nd 0.025 7.7 (±0.85) 144(±7.2, 2) 1.2x10
J2-620-IGT2 44.8 519 5.58 0.28 1.4 5.56 nd 0.021 3.4 (±0.76) 83.4 (±4.2, 2) -
Bottom Seawater 52.4 545 ~8 0 0 2.2 0 0 0.1 0 (nd‡) -
SITE (depth, location) Mg Cl pH H2 H2S CO2 CO CH4 NH4+
Measured
CH3SH
Predicted 
CH3SH
Vent (Max. temp. °C) Sample (mm) (mm) (25°C) (mM) (mM) (mm) (µM) (mM) molal
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(µm (±2s)) (nM (±2s, n))
Intermediate Temperature & Mixed Fluids
L Vent Fissure (78°C) 4467-IGT-6 41.1 543 5.77 0.028 1.0 3.93 BD 0.037 7.6 (±0.61) 17.8 (±1.3, 3) 7.5x10
4467-IGT-8 49.0 nd 6.43 0.013 nd 2.96 BD 0.010 1.4 (±0.07) 6.5 (±0.3, 3) -
Crab Spa (23°C) 4464-IGT-4 50.3 525 5.74 0.0032 0.17 7.26 BD 0.010 8.6 (±0.72) 6.1 (±0.3, 3) 9.4x10
4464-IGT-5 50.5 528 5.87 0.0028 0.19 7.26 BD 0.012 10.0 (±0.67) 5.7 (±0.3, 3) -
4466-IGT-3 50.0 526 5.79 0.0058 0.29 7.47 BD 0.009 8.7 (±0.44) 5.9 (±0.3, 1) -
Bottom Seawater 53.5 538 ~8 0 0 2.18 0 0 0.1 0 (nd‡) -
9°50'N EPR (continued)
Table S1. (continued)
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